INTRODUCTION
The thin anodic oxide film formed on metals often plays an important role to protect the substrate metals against corrosion in aqueous solution. Since the composition of the thin protective film is sensitive to the environment with which the film is in contact, in-situ measurements of the films are required. The method using polarized-light reflection on themetallic electrode can be used to characterize the surface films in-situ in aqueous solution in terms of the complex refractive index ( rip = ng -ik2 ) and thickness (d). In this paper an in-situ 3-parameter (3-P) reflectometry is applied to the study on the spectroscopic properties of the anodic oxide films on iron, nickel, and titanium. The 3-P technique is indispensable to quantitative description of the surface thin film, because there are three unknown physical quantities ( ng, k2 and d ) of the surface film to be estimated/1,2/. In this 3-P reflectometry, three reflectivity changes at three different states of light polarization have been measured. One of the reflectivity changes is a function of the relative phase difference between p-and s-polarized light. The other two are the reflectivity changes of p-and s-polarized lights/1/. The spectra of complex refractive index and the thickness of the anodic oxide film are measured at a wavelength range from X = 640 to 340 nm .
EXPERIMENTAL
The apparatus used for 3P reflectometry consisted of a light source, a spectrometer, an polarizer, a sample electrode, an analyser, and a photomultiplier.
For stabilizing the apparatus, the light source was made of a 24W-power tungsten lamp connected to a light-feedback system, and the detection of intensity of reflected light was conducted with AC amplification using a light chopper and a lock-in amplifier. Three reflectivity changes during the film growth and Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:19831039
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JOURNAL DE PHYSIQUE r e d u c t i o n were measured a t t h r e e azimuth s e t t i n g s o f t h e analyser (A=OO, 45"and 9 0 ' ) a t a f i x e d azimuth o f t h e p o l a r i z e r ( P = 40"). The i n c i d e n c e angle o f l i g h t was @ = 55.06".
Numerical e s t i m a t i o n o f t h e t h r e e unknowns o f n2, , and d from t h e K3
t h r e e r e f l e c t i v i t y changes was made w i t h t h e F r e s n e l ' s and Drude s equations f o r p o l a r i z e d -l i g h t r e f l e c t i o n by t h e Newton-Raphson method o f successive approximations/3/.
RESULT
An example o f t h e r e f l e c t i v i t y -c h a n g e spectra, measured f o r t h e t h r e e d i f f e r e n t s t a t e s o f p o l a r i z e d l i g h t , i s shown i n Fig.1 , where t h e r e l a t i v e r e f l e c t i v i t y change f o r t h e anodic passive f i l m on i r o n i s g i v e n by I n ~q . ( I ) , R(d=O) and R(d) a r e r e s p e c t i v e l y t h e r e f l e c t i v i t i e s o f t h e s u r f a c e reduced a t constant c u r r e n t o f 5 y~c m -2 f o r 1500 s i n b o r a t e s o l u t i o n a t pH 8. 4 and o f t h e s u r f a c e subsequently o x i d i z e d a t constant p o t e n t i a l o f E = 1.43V vs HESS ( hydrogen e l e c t r o d e a t t h e same s o l u t i o n ) f o r 1 h i n phosphate s o l u t i o n a t pH 3.1 . S u b s c r i p t s p, s, and a i n F i g . 1 i n d i c a t e t h e analyzer s e t t i n g s a t A = 0°, 90°, and 45", r e s p e c t i v e l y .
( AR/R ) p and ( AR/R ) s correspond t o t h e r e l a t i v e r e f l e c t i v i t y o f p -p o l a r i z e d and s -p o l a r i z e d l i g h t , r e s p e c t i v e l y . ( AR/
From t h e t h r e e values o f ( AR/R ) t h e complex r e f r a c t i v e index and thickness o f t h e f i l m a r e estimated a t each wavelength as shown i n Fig.2 .
The complex r e f r a c t i v e index o f i r o n s u b s t r a t e has been measured by u s i n g a r o t a t i n g -a n a l y s e r e l l i p s o m e t e r and t h e r e f r a c t i v e index o f s o l u t i o n by u s i n g P u l f r i c h r e f r a c t o m e t e r .
The c a l c u l a t i o n o f t h e complex r e f r a c t i v e index and t h i c k n e s s o f t h e f i l m was made i n two steps. I n t h e f i r s t s t e p o f c a l c u l a t i o n t h e Newton
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Fig.1 I n -s i t u s p e c t r a o f r e l a t i v e r e f l e c t i v i t y change (AR/R) o f t h e passive f i l m formed on i r o n a t E = 1.43V i n phosphate s o l u t i o n a t pH 3.1.
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Fig.2 Spectra o f complex r e f r a c t i v e index and t h i c k n e s s o f t h e passive f i l m s on i r o n c a l c u l a t e d from t h e r e l a t i v e r e f l e c t i v i t y changes (AR/R) (see t e x t ) successive approximation was a p p l i e d t o estimate a s e t o f n2, k2 and d a t each wavelength. Since the value o f thickness thus c a l c u l a t e d i s scattered w i t h i n '10%
e r r o r as shown i n Fig.2 , the second c a l c u l a t i o n was made on n2 and k2 by the l e a s t square estimation w i t h t h e thickness, d, f i x e d a t an average value. Fig.2 
i n d i c a t e s t h a t the f i l m i s t h i c k e r i n n e u t r a l s o l u t i o n than i n a c i d i c s o l u t i o n a t the same
anodic p o t e n t i a l and t h a t the r e f r a c t i v e index o f t h e f i l m i s l a r g e r i n a c i d i c s o l u t i o n than i n n e u t r a l s o l u t i o n . No s i g n i f i c a n t d i f f e r e n c e i s found i n the e x t i n c t i o n index o f the f i l m s formed i n a c i d i c and n e u t r a l s o l u t i o n s . Frpm t h e e x t i n c t i o n index the absorption spectrum o f the passive f i l m on i r o n can be estimated and t h e res I t s are shown i n Fig.3 , where t h e absorption Y c o e f f i c i e n t , 2a = 4 n k 2~-1 ( m-), i s p l o t t e d against the wave length. I n Fig.3 t h 
These absorption spectra resemble t h a t o f a-Fez0 f i l m (44nm t h i c k ) on alumina reported by Gardner et.a1/4/.
According t o the c a l c u f a t i o n and review o f Debnath e t a1/5/ t h e two absorption edges s t a r t i n g from 2.0eV and from 2.6eV correspond t o t h e e l e c t r o n i c t r a n s i t i o n o f Fe 3d+Fe 3d and t h a t o f 0 2p+Fe 3d, r e s p e c t i v e l y . The above r e s u l t o f t h e absorption spectrum i n d i c a t e s t h a t t h e e l e c t r o n i c s t r u c t u r e o f t h e passive f i l m does n o t e s s e n t i a l l y d i f f e r from t h a t o f the Fe 03.
~6 e
s i m i l a r measurements were a1 so conducted w i t h the n i c k e l passivation f i l m i n borate s o l u t i o n . The r e s u l t s are given i n Fig.4 .
No c h a r a t e r i s t i c f e a t u r e can be found i n the spectrum o f complex r e f r a c t i v e index o f the f i l m which i s about 1 nm t h i c k . The e x t i n c t i o n index, however, i s seen t o depend on the anodic p o t e n t i a l , increasing from k2 = 0.1 a t E = 0.4V near the p a s s i v a t i o n p o t e n t i a l t o k = 1.0 a t E = 1.64V i n the secondary passive p o t e n t i a l region. The p o t e n t i a l dependent k2 i n d i c a t e s t h a t the f i l m composition changes gradually w i t h p o t e n t i a l . The t i t a n i u m passivation f i l m a t t a i n s much l a r g e r thickness than t h e passive f i l m s on i r o n and n i c k e l . 
